This study was conducted in an attempt to characterize some of the effects of sublethal microwave radiation on cells of Staphylococcus aureus. Cultures were exposed to microwave radiation for 10, 20, 30, and 40 s. The effects of a conventional heat treatment were also compared by placing flasks containing cultures in a boiling water bath for the amount of time required to reach temperatures equivalent to those found in cultures exposed to microwave radiation. Control, microwave-treated, and conventionally heat-treated cultures were centrifuged, pellets were resuspended in distilled water, and the resulting suspensions were passed through a French pressure cell. Cell lysates and walls were then isolated and assayed for enzymatic activity. Thermonuclease production was also determined at various levels of exposure of cells to microwave radiation. Activities of malate and a-ketoglutarate dehydrogenases, cytochrome oxidase, and cytoplasmic adenosine triphosphatase were higher in microwave-treated cells than in control celLs. Membrane adenosine triphosphatase, alkaline phosphatase, and lactate dehydrogenase activities were unaffected when cells were exposed to microwave radiation. The activity of glucose-6-phosphate dehydrogenase was decreased by exposure of cells to microwave radiation. In conventionally heated cells, activities of glucose-6-phosphate and malate dehydrogenases and cytoplasmic adenosine triphosphatase increased activities of a-ketoglutarate and lactate dehydrogenases decreased, and alkaline phosphatase activity remained unaffected. Increased levels of thermonuclease activity were observed when cells were exposed to microwave radiation for 10 or 20 s. Data indicate that microwave radiation affects S. aureus in a manner which cannot be explained solely by thermal effects.
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There has been considerable disagreement as to whether microwave radiation per se or heat generated by microwave radiation is the cause of lethality to microorganisms. Decreases have been shown in the survival of microorganisms exposed to microwave radiation once the thermal death point has been reached (8, 11, 16) . Some reports have indicated that when temperature was controlled, no effects of microwave radiation could be seen (4, 9, 21), whereas others have indicated injury to cells regardless of temperature (17, 22) .
A study has been reported recently (19) in which various bacteria, actinomycetes, fungi, and bacteriophages were exposed to microwave radiation in the presence and absence of water. Microorganisms were inactivated only when in the presence of water. Dry or lyophilized organisms were not affected even by extended ex-posures. The authors stated that their data prove that microorganisms are killed by "thermal effect" only and that, most likely, there is no "nonthermal effect."
The purpose of the present study was to attempt to characterize some of the effects of sublethal microwave radiation on cells of Staphylococcus aureus. The specific activities of selected enzymes from cells exposed to microwave radiation and from cells conventionally heated were compared. Heat-stable deoxyribonuclease production was also determined at various levels of exposure to microwave radiation, since the production of this enzyme is closely correlated with enterotoxin production by this organism. Because of the high correlation of heat-stable deoxyribonuclease (thermonuclease) activity with toxin production by S. aureus, assays for determination of thermonuclease activity were conducted according to the procedures outlined by Lachica et al. (15) . A 9-ml amount of toluidine blue 0-deoxyribonucleic acid agar was placed in a disposable petri dish (100 by 10 mm) and allowed to solidify. Cultures of S. aureus were grown as described above. Samples (2 ml) were taken before radiation, and then the flasks were irradiated as described above. Samples (2 ml) from irradiated flasks were then taken every 0.5 h for 3 h. All samples were placed in a boiling water bath for 10 min, and 2-pl portions of the boiled samples were removed and placed in wells (1 mm wide; made with a Pasteur pipette) in the toluidine blue 0-deoxyribonucleic acid agar. Plates were then incubated for 4 h at 370C and examined for the presence of pink zones surrounding the wells.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
It is of interest to note that some of the physicochemical characteristics of the microwave-treated cells used in the enzyme studies appeared to be different than those of control and heat-treated cells (data not shown). Control and heat-treated cells did not form pellets as readily when centrifuged as did microwavetreated cells. Also, there appeared to be more breakage of microwave-treated cells with the French press than of control and heat-treated cells, resulting in higher protein levels in cellfree extracts of microwave-treated cells.
The effects of microwave radiation on the enzymatic activities of control and treated cells are shown in Table 1 -, Not assayed.
1.38). Alkaline phosphatase activity remained approximately equal whether cells were exposed to microwave radiation or given conventional heat treatment.
The effects of microwave radiation on the thermonuclease activity of S. aureus are presented in Table 2 . Increased levels of activity of this enzyme could be observed when cells were exposed to microwave radiation for 10 s and then assayed at 0.5 and 1.5 to 2 h post-radiation or when they were exposed for 20 s and assayed at 1.5 h. The data also indicate that little or no enzymatic activity was present after cells were irradiated for 30 or 40 s. This corresponded to the decreases in survival observed previously (Dreyfuss et al., in press).
Previous studies involving metabolic injury by sublethal heat treatment have shown large decreases in the specific activities of malate, lactate, and oxoglutarate dehydrogenases of S. aureus (18) . Activities of other enzymes from cells sublethally heat treated remained unaffected (6, 18) . Studies involving microwave radiation of various enzymes from sources other than microorganisms have shown no effects of this treatment upon enzymatic activities (2, 3, 13, 23).
Data from the present study indicate that microwave radiation affects the metabolic activity of S. aureus in a manner which cannot be explained by thermal effects alone. Increases in the specific activities of several key enzyme systems from cell lysates and walls tend to verify this hypothesis.
On the other hand, thermonuclease activity correlates closely with a stimulation of growth of cultures until temperatures approach the termal death point, where cell numbers decrease significantly (Dreyfuss et al., in press). Because higher levels of enzymatic activity correlated with higher cell numbers and little or no activity correlated with low cell numbers, the amount of cell biomass appears to be directly responsible for the amount of thermonuclease production and activity. 
